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The LISF will eventually have the capacity to generate up to 32MW of power to LIPA consumers.
At its peak capacity, the LISF will utilize at least 200 acres of BNL unused land resources. During the initial start-up, the LISF project will install ground mounted crystalline solar photovoltaic modules in an area of 11 acres just east of the FHWMF (BNL 2010).
DOE-BHSO is responsible for oversight of remedial actions that are conducted at the BNL. It is the policy of the DOE to perform independent (third party) verification of final status survey (FSS)
activities (DOE 2006) . The purpose of independent verification (IV) is to confirm that remedial actions have been effective in meeting established guidelines and that documentation accurately and adequately describes the final site conditions. Oak Ridge Institute for Science and Education (ORISE) has been requested by DOE-BHSO to perform IV of the LISF. Through a third party, 5119-SR-01-0 DOE can provide a level of assurance to the stakeholders that the as-left radiological concentration in the LISF will be well below the approved remediation guidelines.
ORISE conducted IV of accessible areas to confirm that the FSS sampling results could be independently verified. ORISE implemented various survey activities that included walk-over gamma scans and soil sampling. The elements of the IV were based on the objectives specified in the project-specific plan (PSP) (ORISE 2010a).
The primary contaminants are cesium-137 and strontium-90. However, radium-226 has been identified at BNL in limited areas and in small quantities (Table 1) .
SITE DESCRIPTION
The primary area of the LISF consists of 11 acres. The main section is located to the east of the FHWMF ( Figure A-2) . The smaller area is across Brookhaven Avenue on the north side of the road.
OBJECTIVES
The objective of the verification survey was to obtain evidence by means of measurements and sampling to confirm that the final radiological conditions were less than the cleanup goals. This objective was achieved via multiple verification components including document reviews to determine the accuracy and adequacy of FSS documentation.
DOCUMENT REVIEW
ORISE has reviewed various supporting documents for the LISF Project. Documents reviewed include the Addendum to the Field Sampling Plan (FSP) for the FHWMF, LISF Project Fact Sheet, and survey data results (BNL 2009 and 2010) . The sample data were evaluated to assure that the residual activity levels in the soil satisfied the cleanup goals. From September 25 through 29, 2010, ORISE personnel performed medium-density walk-over surveys and conducted IV soil samples.
PROCEDURES
REFERENCE SYSTEM
ORISE used a global positioning system (GPS) for documenting survey area boundaries and tracking data. The specific geographic coordinate system used was the State Plane Coordinate System (SPCS) New York Long Island Federal Information Processing Standard (FIPS) 3104. A shape file of the area to be verified was not provided prior to verification survey activities. ORISE performed a walk-over survey with a GPS system along the boundary of the 11 acres to create the necessary shape file required to document scans and generate sample locations. Coordinate measurements collected using the GPS were accurate to within one meter.
SURFACE SCANS
Medium density surface scans for gamma radiation were conducted over the accessible Class 2 areas.
Surface scans were performed using sodium iodide (NaI) scintillation detectors coupled to ratemeters or ratemeter-scalers with audible indicators. Detectors were coupled to GPS systems that enable real-time gamma count rate and position data capture ( Figure A-3) . Lead shields were inadvertently left on the detectors from previous IV survey activities around the High Flux Beam
Reactor (HFBR). Upon discovery, this issue was immediately resolved by removing the shielding on the detectors in use. Scan surveys and direct measurement collection were finished using unshielded detectors. The data collected with the shielded detectors were normalized onsite to determine the correct locations to be sampled. The normalization method used is discussed in "Results and
Findings." Any locations of elevated direct radiation, exhibiting the presence of residual contamination, were to be marked and identified for further investigation.
SOIL SAMPLING
The Visual Sampling Plan (VSP) software was used to generate random coordinates for gamma measurements and soil sampling. These measurement/sample points were downloaded to the GPS and were based upon the reference grid system established for the site. The predetermined random 5119-SR-01-0 field assessment and the resultant soil sample locations were designed and generated based on the ranked set sampling (RSS) approach (EPA 2006) .
RSS provides a methodology to determine the necessary number of soil samples to estimate the mean concentration of a population; however, it does not require the assumption of a normal distribution. The process combines random sampling with the use of professional judgment to select sampling locations. Professional judgment relies upon the ability to assess the relative magnitude of gamma radiation levels between randomly selected locations. In this case, the gamma count rate data collected at randomly selected locations provided the measurable field screening method that correlates with the relative concentrations of the gamma-emitting contaminants of concern. The count rate data obtained were then used to select a specific sampling location.
VSP systematic planning process uses a replication method on a larger random population from which the locations for the resulting samples can be selected. Replication refers to the number of A one-minute static gamma count rate measurement was performed at each of the 27 assessment locations (Figures 1 and A-4) . The data within a given cycle-set are then ranked as exhibiting either the lowest, medium, or highest gamma count. Nine soil samples were collected from the survey unit ( Figure A-5) . The following process was used to select the specific sampling location within each of 5119-SR-01-0 the three cycles: Set 1, lowest gamma radiation location; Set 2, medium location; Set 3, highest location. Table B -1 provides the RSS cycle set with field assessment data and ranked set soil sample identification.
SAMPLE ANALYSIS AND DATA INTERPRETATION
Samples and data were returned to the ORISE laboratory in Oak Ridge, Tennessee for analysis and interpretation. Sample analyses were performed in accordance with the ORISE Laboratory
Procedures Manual (ORISE 2010b). Soil samples were analyzed by gamma spectroscopy for radium-226 and cesium-137. The spectra were reviewed for other identifiable photopeaks.
Strontium-90 was quantified by radiochemical separation and counting on a low background proportional counter. Soil sample results were reported in units of picocuries per gram (pCi/g) (Table B -2). The data generated were compared with the cleanup goals established for the LISF (BNL 2009).
APPLICABLE SITE GUIDELINES
The radiological contaminants of concern and the soil cleanup levels for the LISF are shown in Table 1 
FINDINGS AND RESULTS
The results for each verification component at the LISF are discussed below.
DOCUMENT REVIEW
The supporting documents reviewed for the LISF Project included the scan survey data and limited gamma spectroscopy results. Complete FSS information and results were not available at the time of the verification survey. Due to incomplete FSS data results, ORISE increased the soil verification sample number to ensure adequate coverage for the LISF.
SURFACE SCANS
Gamma surface scan ranges for the LISF were typically 5,500 to 10,000 gross counts per minute (cpm) with a few small areas exhibiting counts up to approximately 18,000 cpm. As previously mentioned, shielded detectors were inadvertently used for the initial verification surveys of the LISF.
The ratio of 1.55 was developed by re-establishing an unshielded background. The unshielded background average was divided by the average shielded background value. The 1.55 ratio was then applied to the data recorded with shielded detectors. The methodology for applying the 1.55 ratio to normalize the shielded measurement data was evaluated using Q-Q Plots generated in ProUCL Version 4.0 to verify the accuracy of the corrected background. The data in Table B -1 represents the normalized data collected during IV surveys.
Due to natural foliage and limited satellite reception, survey data for the gamma scan is sparsely represented in Figure A-3 . A background reference area was not defined by ORISE prior to the survey; therefore, all point measurements contain gross data results. Figure A -6 provides a frequency histogram of the gamma scan count rate population.
RADIONUCLIDE CONCENTRATIONS IN SOIL AND ROOF SAMPLES
The gamma count rate data used for selecting the appropriate random sample locations can be found in Table B -1. The data for the radionuclide concentrations in individual samples are provided in Table B -2. The concentration of radium-226 in random samples ranged from 0.50 to 1.15 pCi/g and cesium-137 ranged from 0.22 to 1.27 pCi/g. Strontium-90 results were considered to be in equilibrium and derived from the surrogate lead-214. Radionuclide concentration results for strontium-90 ranged from -0.11 to 0.19 pCi/g.
5119-SR-01-0
COMPARISON OF RESULTS WITH GUIDELINES
The final radionuclide concentration for the LISF meets the cleanup goals as described in the FSP.
All values were less than the corresponding DCGL W . Soil sample concentrations were less than 25% of the respective DCGL W values for all radionuclides of concern.
SUMMARY
During the period between September 25 through 29, 2010, ORISE conducted independent measurements and sampling of the LISF on the BNL site. The portion of the LISF verified by this survey is an 11-acre area just east of the FHWMF that DOE will provide as an easement to the LIPA to establish and operate the LISF; a large-scale solar energy facility. It consists of a Class 2 survey unit divided into two parts (north and south) by Brookhaven Avenue. A majority of the scan results for the survey area were not distinguishable from background; and the elevated areas detected during IV surveys were investigated and determined to meet the cleanup goals. The results from soil sample analysis were less than 25% of respective DCGL W for the radionuclides of concern.
Verification survey activities validated the licensee's classifications, radiological status, and satisfaction of the guidelines. 
APPENDIX D SURVEY AND ANALYTICAL PROCEDURES D.1 PROJECT HEALTH AND SAFETY
The survey and sampling procedures were evaluated to ensure that any hazards inherent to the procedures themselves were addressed in current job hazard analyses (JHAs). All survey and laboratory activities were conducted in accordance with ORISE health and safety and radiation protection procedures.
Presurvey activities included an overview of potential health and safety issues. Representatives with the BNL provided site-specific safety awareness training for each individual ORISE survey effort.
In-process and verification surveys were performed according to the ORISE generic health and safety plan, site-specific Integrated Safety Management (ISM) prejob hazard checklist, and safety procedures discussed during the on-site training.
D.2 QUALITY ASSURANCE
Analytical and field survey activities were conducted in accordance with procedures from the following ORAU and ORISE documents:
• Survey Procedures Manual Quality control procedures include:
• Daily instrument background and check-source measurements to confirm that equipment operation is within acceptable statistical fluctuations.
• • Training and certification of all individuals performing procedures.
• Periodic internal and external audits.
D.3 CALIBRATION
Calibration of all field and laboratory instrumentation was based on standards/sources, traceable to NIST, when such standards/sources were available. In cases where they were not available, standards of an industry-recognized organization were used.
D.4 SURVEY PROCEDURES D.4.1 Surface Scans
Scans for elevated gamma radiation were performed by passing the detector slowly over the surface.
The distance between the detector and surface was maintained at a nominal of about 1 to 5 centimeter (cm). NaI scintillation detectors were coupled to GPS units that enabled real-time recording of position in one-second intervals. Identification of elevated radiation levels was based on increases in the audible signal from the instrument. Positioning data files were downloaded from field data loggers for plotting using commercially available software (http://trl.trimble.com/docushare/dsweb/Get/Document-261826/GeoExpl2005_100A_GSG_ENG.pdf).
The scan minimum detectable concentrations (MDCs) for the NaI scintillation detector for the contaminants of concern in surface soil were obtained directly from NUREG-1507 when available or estimated using the calculation approach described in NUREG-1507. A typical NaI 2-inch by 2-inch detector MDC for Cs-137 is 6.4 pCi/g. An audible increase in the activity rate was investigated by ORISE. It is standard procedure for ORISE staff to pause and investigate any locations where gamma radiation is distinguishable from background levels.
D.4.2 Soil Sampling
Approximately 0.5 to 1 kilogram of soil was collected at each sample location. Collected samples were placed in plastic bags, sealed, and labeled in accordance with ORISE survey procedures.
D.5 RADIOLOGICAL ANALYSIS D.5.1 Detection Limits
Detection limits, referred to as MDC, were based on 3 plus 4.65 times the standard deviation of the background count [3 + (4.65 (BKG) 1/2 )]. Because of variations in background levels, measurement efficiencies, and contributions from other radionuclides in samples, the detection limits differ from sample to sample and instrument to instrument.
D.5.2 Strontium Analysis
Soil samples were dissolved by a combination of potassium hydrogen fluoride and pyrosulfate fusions. The fusion cake was dissolved and strontium was coprecipitated on lead sulfate. The strontium was separated from residual calcium and lead by reprecipitating strontium sulfate from EDTA at a pH of 4.0. Strontium was separated from barium by complexing the strontium in DTPA while precipitating barium as barium chromate. The strontium was ultimately converted to strontium carbonate and counted on a low-background gas proportional counter. The typical MDC of the procedure is 0.4 pCi/g for a one hour count time.
D.5.3 Gamma Spectroscopy
Samples of soil were dried, mixed, crushed, and/or homogenized as necessary, and a portion sealed in a 0.5-liter Marinelli beaker or other appropriate container. The quantity placed in the beaker was chosen to reproduce the calibrated counting geometry. Net material weights were determined and the samples counted using intrinsic germanium detectors coupled to a pulse height analyzer system. Background and Compton stripping, peak search, peak identification, and concentration calculations were performed using the computer capabilities inherent in the analyzer system. All total absorption peaks (TAP) associated with the radionuclides of concern were reviewed for consistency of activity.
Total absorption peaks used for determining the activities of radionuclides of concern and the typical associated MDCs for a one-hour count time were:
